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Abstract 

A second-generation flight test fixture, developed at 
NASA Dryden Flight Research Center, offers a generic 
testbed for aerodynamic and fluid mechanics research. The 
new fixture, a low-aspect ratio vertical fin shape mounted 
on the centerline of an F-15B aircraft lower fuselage, is 
designed for flight research at Mach numbers up to 2.0. 
The new fixture is a composite structure with a modular 
configuration and removable components for functional 
flexibility. This report describes the multidisciplinary 
design and analysis approach used to develop the fixture. 
The approach integrates conservative assumptions with 
simple analysis techniques to minimize the time and cost 
associated with its development Presented are the princi- 
pal disciplines required for this effort, which include aero- 
dynamics, structures, stability, and operational con- 
siderations. In addition, preliminary results from the first 
phase of flight testing are presented. Acceptable direc- 
tional stability and flow quality are documented and show 
agreement with predictions. Future envelope expansion 
activities will minimize current limitations so that the fix- 
ture can be used for a wide variety of high-speed aerody- 
namic and fluid mechanics research experiments. 

Nomenclature 

/2 

AR aspect ratio, b IA S 

AVL asymmetric vortex lattice aerodynamic 

analysis computer code 

Af frontal area, in 1 

A s side area, in 2 
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b' 

vertical span (on fixture), in. 

C D 

drag coefficient at p = 0° 

Cr 

side force coefficient (on fixture) 

Cnp 

static directional stability, deg -1 

c 

chord (on fixture), in. 

F.S. 

fuselage station, in. 

FTF 

(original) flight test fixture 

FTF-II 

new flight test fixture 

Fx 

frontal force (positive aft), lb 

Fy 

side force (positive left), lb 

Fz 

normal force (positive down), lb 

M 

Mach number 

MAC 

mean aerodynamic chord (on aircraft) 

KCAS 

calibrated airspeed, knots 

4 

dynamic pressure, lb/ft 2 

w 

width (on fixture), in. 

xJc 

percent chord (on fixture) 

zib’ 

percent span (on fixture) 

a 

angle of attack, deg 

P 

angle of sideslip, deg 


Introduction 


In 1963, NASA Dryden Flight Research Center con- 
structed a low-aspect ratio fin-like shape called the flight 



test fixture (FTF) for installation on the lower fuselage of 
an F-104 aircraft (fig. 1). Since that time, the original FTF 
has served as a generic testbed for more than 20 aerody- 
namic and fluid mechanics research experiments. The 
capabilities and utility of the FTF have been documented 
frequently, and some of those documents are included as 
references. M In the past few years, NASA Dryden has 
begun phasing out the aging F-104 aircraft resulting in an 
effort to identify a new testbed aircraft and to develop a 
larger and more versatile fixture with similar capabilities. 
An F-15B was chosen as the primary testbed aircraft for 
the new flight test fixture (FTF-II) mainly because of its 
availability and high potential for acceptable flow quality 
combined with a large airspeed envelope. 

This report describes the multidisciplinary design and 
analysis approach used to develop the new fixture. This 
approach integrated conservative assumptions with simple 
analysis techniques to minimize the time and cost associ- 
ated with developing the FTF-II. A simple, multiphased 
flight test approach was also used to validate assumptions 
and analysis. 

FTF-II Description 

The FTF-II was installed on the lower fuselage center- 
line pylon location of an F-15B aircraft (fig. 2) using hard- 
ware similar to that used by operational centerline tanks. 
The FTF-II has self-contained research capabilities so that 



Figure 1, Original FTF installed on lower fuselage of 
F-104 aircraft. 


only aircraft power to the fixture is required. The fixture's 
maximum estimated weight is 500 lb including all 
research systems, but it is smaller, lighter, and has less 
aerodynamic frontal drag than an empty 660-gal centerline 
tank that is routinely carried by an F- 15 aircraft. The FTF- 
II is a low-aspect ratio fin-like shape similar to the original 
FTF, but is larger to allow more volume and surface area 
for aerodynamic experiments. As shown in figures 3 and 4, 
the new fixture is 107 in. long (c), 32 in. high (h0> ami 8 in. 





wide (w) with a 12° elliptical nose section and blunt trail- 
ing edge. The all-composite structure is capable of Mach 
(Af) 2.0 and dynamic pressure (q) of 2176 lb/ft 2 . 

As shown in figures 4(a) and 4(b), the FTF-II is modular 
and consists of a basic pylon structure with a replaceable 
nose section, side panels, and vertical test article so that 
the configuration can be modified to satisfy a variety of 
flight test requirements. The upper 19 in. of the fixture, the 
avionics pylon, is a permanent structure that houses avion- 
ics, permanent research instrumentation systems, and 
other support equipment common to most flight experi- 
ments. The lower 13 in. is the vertical test article that, in 
the current configuration, matches the contour of the upper 
avionics pylon. The vertical test article is removable and 
may be replaced by other aerodynamic shapes. Only 
instrumentation specific to individual research experi- 
ments is installed in the vertical test article. 

All side panels on the FTF-II are removable with 
quick internal access through the four left-side panels 
using external fasteners flush with the surface. The two 
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80.0 
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24.0 
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256 
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3424 
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0.60 
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Figure 3. Physical comparison between FTF and FTF-II. 
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(b) Exploded isometric view. 
Figure 4. Concluded. 


right side panels (not shown in fig. 4) extend the length of 
the fixture and are attached using internal fasteners to min- 
imize discontinuities for aerodynamic experiments such as 
surface flow- visualization studies. The 12° elliptical nose 
section is positioned in the forward 18.8 in. and either of 
its two sections can be removed from the avionics pylon 
or the vertical test article independently. A removable 
splitter plate was installed onto the upper portion of the 
nose section for improved flow quality. Provisions were 
also made for a removable airdata probe near the bottom 
of the vertical test article nose section. The airdata probe, 
when installed, provides static and total pressure, angle of 
attack, and angle of sideslip to measure local free-stream 
conditions just forward of the fixture. 

Design Philosophy and Approach 

The conceptual phase in the design of the fixture consid- 
ered a wide variety of design constraints and lessons 
learned from 30 years of flight testing with the original 
FTF at NASA Dryden. Obtaining acceptable flow quality 
for aerodynamics and fluid mechanics research experi- 
ments while maintaining a functionally flexible configura- 
tion similar in shape to the FTF was the primary design 
objective. The design goals also included providing a 
simple and low-risk structure that could be flown at maxi- 
mum airspeed with minimal operational limitations on the 
carrier aircraft. Gaining practical experience with compos- 
ites was a secondary goal since smooth aerodynamic sur- 
faces can be easily fabricated and modified using these 
materials. 


These design goals affected a variety of disciplines such 
as aerodynamics, structures, aircraft stability, and flight 
operations. These constraints reinforced the need for an 
integrated approach with simple design and analysis tech- 
niques. The following sections present an overview of the 
four primary discipline areas exercised in developing the 
FTF-II. 

Aerodynamics 

Aerodynamic considerations of the FTF-II configuration 
were key during the design phase of the fixture to deter- 
mine a desirable aerodynamic shape with a long chord for 
higher Reynolds number experiments. Because obtaining 
acceptable flow quality was a key design objective, flow- 
visualization studies were performed to optimize fixture 
shape and resulting flow quality. The other aspect of the 
aerodynamic analysis was estimating the aerodynamic 
loads on the structure. These efforts were performed 
concurrently so that both of these considerations were 
addressed using a simple, yet balanced, technique. 

Water-’ftinnel Visualization Studies 

Predicting flow quality can be made into a very simple 
or complex procedure, depending on the required accuracy 
of the effort. One of the more simple approaches is to con- 
duct water-tunnel studies to obtain a useful macroscopic 
view of the flow streamlines over the configuration of 
interest at subsonic speeds. These studies also allow 
researchers to look at a variety of configurations with 
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minimal cost or schedule impact to the project. For this 
effort, a 1/48-scale plastic model of the aircraft was pur- 
chased, and several fixture shapes at various locations 
were installed and tested in the water tunnel at NASA 
Dryden’s Flow Visualization Facility. Initial studies of the 
F-15 and original FTF, with simulated inlet flow, gener- 
ated baseline results that could be compared with past 
flow-visualization studies of the original FTF flown on the 
F-104. In general, results showed favorable comparisons 
in the flow streamlines, with slightly more downwash 
effects on the upper portion of the original FTF on the 
F-104. 

The F-15/FTF-II configuration was tested at multiple 
forward and aft locations along the centerline pylon. The 
investigation at each location focused on several minor 
configuration changes at angle of attack (a) and sideslip 
(P) of 0°. Angles of attack up to 25° and sideslips of ±15° 
were also studied to verify that the generation of vortices 
or other effects did not create undesirable flow over the 
aircraft or fixture. No undesirable flow effects within the 
anticipated a and P limits of the F-15 were identified. For- 
ward and aft translation of the fixture along the centerline 
pylon had minimal impact on overall flow quality. Farther 
aft locations appeared to have slightly less downwash 
effects from the aircraft and centerline pylon than more 
forward locations. Combinations of potential fairings and 
splitter plates were also tested (fig. 5). As shown in figure 
5(a), fairings between FTF-II and the aircraft centerline 
pylon, regardless of their size, had little positive effect on 
the flow streamlines on the fixture. 

A full-chord splitter plate on the top of the fixture was 
tested (fig. 5(b)) but appeared to reduce only slightly the 
downwash effects from the aircraft and centerline pylon 
while a = 0° and p = 0°. When a * 0° or p * 0°, the 
full-chord splitter plate tended to degrade the flow quality 
and to generate a vortex. A smaller splitter plate along the 
length of the nose section that extended 3.0 in. (full scale) 
beyond the surface contour of the 12° elliptical nose sec- 
tion was found to be the most effective at reducing local 
downwash effects from the leading edge of the aircraft 
pylon without creating other undesirable aerodynamic 
effects. Figure 6 shows the flow streamlines and resulting 
expected subsonic flow quality of the final F-15/FTF-II 
configuration without and with the nose section 
splitter plate. Because downwash effects were limited to 
the upper portion of the fixture, the splitter plate was made 
removable to allow for future flight test evaluation and 
consideration. 

Aerodynamic Loads 

Airspeed and other operational limitations of the F-15 
played an important role in determining maximum 
aerodynamic loads. 9 To utilize the maximum operational 



(a) Nose section fairing to fuselage. 
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(b) Full-chord splitter plate. 

Figure 5. F-15/FTF-II water-tunnel model, forward loca- 
tion, with various proposed configurations, right side 
view, a = 0°, p = 0°. 

capabilities of the F-15, the airspeed envelope shown in 
figure 7 was used to determine the potential aerodynamic 
loads on the fixture. Although the F-15 airspeed envelope 
with an empty centerline tank is limited to 660 knots 
calibrated airspeed (KCAS) up to altitudes of 20,000 ft, 
the airspeed envelope without external stores is 800 
KCAS. As a conservative measure, the 800 KCAS limit at 
sea level was selected for the worst-case loading condi- 
tions where q = 2176 lb/ft 2 . Although the F-15 can exceed 
M = 2.0, predicted aerothermal effects were used to re- 
strict the fixture to M = 2.0. 
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Since the external geometry of the fixture was expected 
to vary depending on the research requirement, worst-case 
drag coefficients were determined and used to calculate 
design loads. To determine the axial drag, approximations 
of a worst-case physical shape of the fixture included a 
nose section with a 30° total wedge angle and a blunt 
trailing edge. As shown in figure 8(a), drag coefficients 
(< C D ) for an external centerline tank shape 10 and several 



EC92-04092-22 

(a) Without nose section splitter plate. 



(b) With nose section splitter plate. 


Figure 6. F-15/FTF-II water-tunnel model, aft location, 
right side view, a = 0°, |3 * 0° . 


i 1 F-15 empty centerline tank 
msmm&k FTF-II design limits 
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Figure 7. F-15/FTF-II airspeed limitations. 


nose section wedge angles were calculated with respect to 
Mach number for comparison. A combination of friction, 11 
wave, 12 and base 5 drag using the reference area of the 
fixture or tank as appropriate was used to determine C D for 
each configuration. As a conservative measure, the 
worst-case C D = 1.07 in the transonic region with a 30° 
total wedge angle was selected to determine maximum 
axial drag forces of F x = (C D )(A f )(q) = (1.07)(256 in 2 )(lft 2 / 
144 in 2 )(2176 lb/ft 2 ) = 4139 lb. 

Worst-case side loads resulting from aerodynamic 
forces were also evaluated. Data from McDonnell Douglas 



(a) Drag coefficient as a function of Mach number. 
Figure 8. Estimation of aerodynamic loads. 
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Sideslip angle, deg ^ 

(b) Sideforce coefficient as a function of sideslip angle. 

Figure 8. Concluded. 

Aircraft Company (St Louis, Missouri) indicated that a 
worst-case side load of p q = 7500 deglb/ft 2 could be 
achieved if the aircraft were in full afterburner and a full 
engine seizure occurred causing asymmetric thrust-drag 
and higher than normal sideslip conditions. Since this 
condition has never occurred during the life of the F- 15 
program, a more realistic design limit of P q = 5500 deg*lb/ 
ft 2 was selected based on simulation results and F-15 flight 
test data. 13 

Side force coefficients (C r ) as a function of sideslip 
angle were estimated to reflect worst-case aerodynamic 
side loads (fig. 8(b)). To reduce P q limits into an estimated 
side load, sin P was used to approximate the projected 
drag area. Using a flat-plate approximation of the fixture, 
C r in relation to P was calculated using the approximation 
of sin P and other data 14 * 15 for comparison and validation. 
As shown, the approximation using sin P shows fair 
agreement with the incompressible and supersonic data 
only at low angles of sideslip. As a result, a conservative 
P limit of ±7.5° was initially imposed on the FTF-II. 
The approximation using sin p was used to estimate fix- 
ture side loads with the p = ±7.5° limit and P <7 = 5500 
deg lb/ft 2 . The resulting estimation of maximum side drag 
forces of F y = (sin P )(q)(A s ) = (sin 7.5°)(733 lb/ft 2 )(3424 
in 2 )(lft 2 /144 in 2 ) = 2275 lb. 

The distribution of axial and side aerodynamic 
forces were assumed to be distributed uniformly along the 
fixture vertical span (£')• The distribution of side loads 
along the fixture chord (c) is a function of aspect ratio 
(AR = 0.60) and Mach number and requires more careful 
consideration. Typically, the center of pressure for lifting 
surfaces such as wings is xlc * 0.25 subsonic and xlc » 


0.50 during supersonic conditions. Both theory and exper- 
imental data also show that very low aspect ratio panels 
may have center of pressure locations that are farther for- 
ward than on conventional aircraft wings. 14-16 These data 
also indicate that a center of pressure as far forward as xlc 
=* 0.10 could exist at transonic conditions, but that the cen- 
ter of pressure moves aft with increasing sideslip. As a 
result, a range of center of pressures from xlc of 0.15 to 
0.66 were used in the loads analysis. 

Structural Design 

The structural design philosophy for the FTF-II was to 
provide an all-composite structure that was a relatively 
simple and low risk design that addressed the requirements 
of the other related disciplines. For example, since the 
weight of the fixture was not a critical design criteria, a 
safety factor of 2.25 was used to ensure a conservative 
structural design. In addition, the structure was designed to 
be relatively stiff to minimize structural dynamic 
concerns. Maximum aerodynamic and inertial loads 
shown in table 1 were used as load conditions that were 
combined into conservative design limit loads for all flight 
conditions. 


Table 1. Summary of FTF-II applied loads. 


No. 

Load conditions 

F x 

Fy 

F, 

1 

Aerodynamic loads 
q = 2176 lb/ft 2 at forward lug 

4139 

0 

0 

2 

<7 = 2176 lb/ft 2 at aft lug 

4139 

0 

0 

3 

P <7 = 5500 at xlc = 0. 1 5 

0 

2275 

0 

4 

f }<7 = 5500 at xlc = 0.50 

0 

2275 

0 

5 

P <7 = 5500 atx/c = 0.66 

0 

2275 

0 

6 

Inertial loads (500 lb) 

7.5 g normal at xlc = 0.33 

0 

0 

3750 

7 

7.5 g normal at xlc = 0.66 

0 

0 

3750 

8 

1.5 g lateral at xlc = 0.33 

0 

750 

0 

9 

1.5 g lateral at xlc - 0.66 

0 

750 

0 

10 

Sway brace-lug preloads 

0 

0 

3024 


Loads and Stress Analysis 

As shown in table 1, the FTF-II inertial loads were cal- 
culated using the estimated fixture weight of 500 lb and 
applying standard F-15 g-limitations. 9 Inertial loads were 
assumed to be uniform with respect to the fixture vertical 
span with the center of gravity located at z!b' = 0.50. To 
maintain configuration flexibility, centers of gravity of xlc 
of 0.33 to 0.66 were used in the loads analysis. Other 
applied loads shown in table 1 include vertical preloads to 
the suspension lug-sway brace pairs where the fixture 
attached to the centerline pylon. Aerodynamic drag loads, 
where q = 2176 lb/ft 2 , and side loads, where (5 q = 5500 
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deg-lb/ft 2 with centers of pressure at x/c= 0.15, 0.50, and 
Q.66, are also shown. 

As in many design problems, additional assumptions 
were made because of the statically indeterminate attach- 
ment points at the suspension lugs and sway braces. To 
simplify the analysis, all shear loads were supported at the 
suspension lugs, and side moment loads were distributed 
to the leeward forward and aft sway pads. Axial shear 
loads were distributed so that all of the load applied was at 
each suspension lug at z/b' = 0.50. Vertical preloads to the 
suspension lug-sway brace pairs were distributed equally. 
At load cases where xlc < 0.50, 60 percent of the side 
moments react at the forward sway brace. Similarly, at 
load cases where xlc > 0.50, 60 percent of the side 
moments react at the aft sway brace. By making these sim- 
ple assumptions, load conditions were combined and the 
resulting shear and moment free-body diagrams were 
developed for the most severe loading conditions identi- 
fied at specific locations within the structure. 

A comprehensive stress analysis of each fixture struc- 
tural component was performed using worst-case design 
limit shear and/or moment loads, as appropriate. The anal- 
ysis included the major components of the fixture avionics 
pylon, test article, nose section, and attachment hardware. 
Shear and bending stresses were evaluated including bond 
lines, and panel buckling and bearing. The minimum 
acceptable number of functional fasteners in each area 
was determined for future reference. As expected with 
composites, the regions of most concern were composite 
bearing and pullout loads at the suspension lugs and other 
attachment hardware. All margins of safety were positive 
(where margin of safety was defined as [(ultimate load or 
stress) /(2.25)(design limit load or stress)] - 1), with the 
lowest margin of 0.42 due to bearing loads at the suspen- 
sion lugs. 

Structural Ground Testing 

Structural ground tests are a common way to validate 
the integrity of structures and are often required for 
complex structures or when a lower design factor of safety 
<1.50 is used in the design and analysis. Although a 
design factor of safety of 2.25 was used for the FTF-II, an 
instrumented test article representative of critical stress 
areas was fabricated and ground tests were performed to 
validate the design and fabrication techniques of the com- 
posite structure. As shown in figure 9, the test article was 
representative of the avionics pylon portion of the FTF-II 
with structure limited to the region around the suspension 
lugs and sway braces that experience high structural load- 
ing. The test article was mounted to a pylon with similar 
suspension lug and sway brace hardware used on the 
fixture. Load cells rated at 10,000 lb were installed in 
between the fixture and four sway brace pads to monitor 


reaction loads at these locations. Side panels were also 
installed to best represent the final configuration of the 
fixture structure. A point load of 4,600 lb was applied near 
the lower edge of the test article at a range of xlc = 0.15 to 
0.39 to simulate predicted side moment loadings to over 
1.50 times the design limit load. Twelve strain gages were 
installed at various critical locations on the test fixture. All 
instrumentation was monitored in real time and analyzed 
in more detail after the ground test. 

Seven load tests were completed on the test article with 
a conservative matrix focused on looking at structure 
strains and stiffness, and the resulting loads at the sway 
pad locations. Table 2 shows a summary of these tests. 
Figure 10 shows typical data from the load tests. The first 
plot (fig. 10(a)) compares values for a strain gage as a 
function of the applied load. The strain gage was located 
in one of the more critical areas around the forward sus- 
pension lug, but was well within the acceptable strain lev- 
els for carbon-epoxy material. Linear and repeatable 
strain slopes throughout the structure at all loading condi- 
tions indicated that the structure is quite stiff and insensi- 
tive to the chord distribution of loads. In addition, the 
structure was insensitive to configuration changes, such as 
a loose panel (table 2). Figure 10(b) compares a forward 
sway pad load cell as a function of applied load. Linear 
and repeatable reaction loads at the forward sway pad 
were observed and provided useful information in the 
design and analysis of the fixture. Results showed that aft 
sway brace loads were consistently 80 percent of the for- 
ward sway brace loads. In addition, about 30 percent of the 
side moment loads reacted through the suspension lugs 
instead of entirely through the sway braces. These results 
indicate that the fixture is quite stiff and insensitive to the 
chord distribution of loads, but that reaction loads at the 



Figure 9. Ground test setup of the instrumented test 
article. 




Table 2. Structural ground test matrix. 


Test 

xtc 

Applied 
load (lb) 

Load 

cells 

Comments and load condition 

1 

0.39 

3000 

Yes 

Even lug-sway brace load distribution 

2A 

0.33 

3000 

Yes 

Nominal lug-sway brace load distribution 

2B 

0.33 

4600 

No 

Same as 2A, 1.5 times design limit load 

3 

0.15 

3000 

Yes 

Forward lug-sway brace load distribution 

4 

0.15 

3000 

Yes 

Same as 3, loose left side panel 

5A 

0.33 

3000 

Yes 

Same as 2A, loose left side panel 

5B 

0.33 

4600 

No 

Same as 5 A, 1 .5 times design limit load 



Applied load, lb 



Applied load, lb 


940054 


(a) Strain as a function of applied load. 


(b) Forward sway pad load as a function of applied load. 


Figure 10. Test article load test data. 


sway braces may be more dependent on sway brace stiff- 
ness that may change from pylon to pylon. 

Other Structural Considerations 

Other structural considerations such as structural 
dynamics, pylon design limits, composites inspection, and 
ground and flight durability were considered in the FTF-II 
structural design and attachment to the aircraft. Concerns 
about structural dynamics were assessed, but were found 
to be minimal because of the stiff fixture structure and the 
attachment location of the fixture on the centerline of the 
aircraft Accelerometers will be placed into the lower por- 
tion fixture to validate this assessment during envelope 
expansion flights. 

The F-15 centerline pylon is ideal as an attachment 
point for the FTF-II because of its existing hardware with 
known structural and operational capabilities. The known 


capabilities of the pylon minimized efforts and concerns 
related to aircraft loads limits and aeroelasticity. The ulti- 
mate design loads of the F-15 pylon provided by McDon- 
nell Douglas were found to be several times higher than 
worst-case fixture limit loads. 

The overall durability and composite inspection tech- 
niques had a role in the structural design of fixture. These 
were addressed by high margins of safety and visual 
access to critical structural regions within the fixture. 
Special attention was given to flange thickness, fastener 
edge distances, and bond lines within the composite 
structure. Removable components and side panels allowed 
for easy visual inspection. Nondestructive visual and x-ray 
inspections of the FTF-II were made to verify the integrity 
of the structure and provide a baseline for future periodic 
inspections. 
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Figure 11. Side view of F-15. 


Aircraft Stability 

Since the FTF-II is mounted near the aircraft center of 
gravity (fig. 11) and has a smaller projected side area than 
the operational centerline tank, it was not expected that 
lateral-directional stability and control problems would 
limit the operational envelope. To verify this, directional 
stability for 1-g, trim-ot conditions was examined during 
the design process and addressed again during the flight 
envelope expansion, which will be discussed in a later 
section. 

Subsonic 

The data from the flight test report by the Air Force 
Flight Test Center on the operational envelope of the 
F-15B with and without the centerline fuel tank were 
obtained. 10 Subsonic static directional stability flight data 


for the air-superiority configuration (no large stores or 
tanks), shown in figure 12, indicate that levels were above 
0.002 deg' 1 with and without a centerline fuel tank. 
Computations using the asymmetric vortex lattice (AVL) 
aerodynamic analysis computer code 17 were used to deter- 
mine the approximate subsonic C n ^ levels for the F-15B in 
the baseline, centerline fuel tank and fixture configura- 
tions. AVL results for the baseline F-15B show reasonable 
agreement with the Air Force data. In addition, AVL out- 
put for the centerline fuel tank and the fixture configura- 
tions showed slight increases in directional stability. 
Although such an increase was unexpected, these results 
continued to show agreement with Air Force data and pro- 
vided sufficient confidence that the fixture would not sig- 
nificantly reduce aircraft stability margins at subsonic 
conditions. 

Supersonic 

Figure 12 also shows static directional stability flight 
data at supersonic speeds. As expected, static directional 
stability decreases with increasing supersonic Mach 
numbers while remaining positive out to the Mach number 
limit of the F-15. At M = 1.5, the directional stability of the 
centerline fuel tank configuration is slightly higher than 
the stability of the air-superiority configuration. At M > 
1.5, the C n o for the air-superiority configuration 
approaches levels as low as = 0.0005. Although stabil- 
ity levels similar to those with the centerline fuel tank 
were expected with the fixture, estimates at supersonic 
speeds using the AVL code were not available because of 



Mach number 

040066 

Figure 12. F-15B static directional stability (modified from ref. 10). 
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code limitations. Since predictions of supersonic static 
directional stability for the F-15B with the fixture were 
unavailable, a conservative envelope expansion was rec- 
ommended at supersonic speeds. 

Operational Considerations 

Operational considerations can often include issues 
from maintenance to safety of flight, but these issues must 
be considered during the design phase of any effort. For 
example, mounting the FTF-II to the centerline pylon was 
very desirable for several reasons. The installation and 
removal times of the FTF-II were greatly reduced by using 
a proven aircraft attachment point with proven procedures 
that are familiar to an F- 15 crew. In addition, operational 
emergency jettison capability of the centerline pylon with 
the fixture attached is retained. Jettison of the fixture 
would occur only under emergency conditions where a 
gear-up landing is necessary. Although no stores separa- 
tion studies were conducted, the risks of an inadvertent 
jettison or an unexpected separation trajectory were 
assessed and found to be remote. 

As discussed previously, the configuration flexibility 
and accessibility to experiments contained within the 
FTF-II were ongoing concerns during the design. Because 
of the modular composite construction, all of the fixture 
components can be replaced with smooth contoured sur- 
faces that are ideal for aerodynamic studies. The vertical 
test article, nose section, splitter plate, noseboom, and side 
panels can be replaced with alternative configurations 
with no modifications to the primary structure and mini- 
mal additional analysis of the new configuration. All the 
fixture side panels are removable with quick internal 
access to experiments through the left side panels. Other 
considerations included easy access to avionics-instru- 
mentation wiring within the fixture and to the pylon inter- 
face and provisions for mounting permanent avionics- 
instrumentation and changing experimental hardware. A 
dolly was fabricated to perform both ground handling and 
aircraft loading to minimize the potential for damage to 
the composite structure. 

Flight Testing 

Approach 

The envelope expansion of the F-15B/FTF-II configura- 
tion is planned in three phases. Phase 1, which has been 
completed, consisted of flying the fixture uninstrumented 
on the F-15B to do envelope expansion and qualitative 
flow quality studies in 1 -g, trim-a flight up to M = 1.3. As 
a precaution against unexpected loads or a reduction in 
stability, 13 sideslip angle was restricted to ±7.5° and to 
those specified in the flight test requirements. In addition, 
sideslip maneuvers were limited to half-pedal inputs and 
were restricted in the transonic region. 


Directional stability was evaluated by performing rud- 
der doublets at two altitudes. The rudder doublets were 
performed with build-up points with respect to Mach num- 
ber, rudder pedal position, and rate of rudder pedal input. 
These points were flown on the F-15B first with the center- 
line tank and then with the FTF-II. 

Flow quality was documented using surface flow- visual- 
ization techniques to define surface flow streamlines. Tufts 
were attached on the left side of the fixture and pigmented 
oil o r shear sensitive liquid crystals 18 were applied on the 
right side of the fixture. Video and photo documentation of 
the results were obtained from another aircraft flying in 
close formation. Right testing was accomplished at 
straight and level conditions, with and without the splitter 
plate installed onto the nose section. 

Phase 2 will be performed with a fully instrumented 
FTF-II that will include an airdata probe. The airspeed 
envelope will be expanded out to the current F-15 empty 
centerline tank envelope of M = 1.8 (fig. 6). Full expansion 
out to the fixture design limits of 800 KCAS and M * 2.0 
will follow in phase 3. Envelope expansion will continue 
to include investigations related to directional stability, 
structures, and aerodynamics. Calibrated load cells will be 
located at the sway brace pads and surface pressures will 
be used to monitor in-flight side loads and the distribution 
of these loads. Combined boundary-layer and surface- 
pressure data and flow-visualization studies will be used to 
evaluate the flow quality and identify improvements to the 
fixture. The pressure data will be compared with recent 
benchmark F-104/FTF data * 

Standard techniques will be used to calibrate the F-15B 
and FTF-II airdata systems. Nose section surface tempera- 
ture measurements will be monitored for possible expan- 
sion of the airspeed envelope beyond M = 2.0. The levels 
of directional stability will also be monitored during the 
expansion process. The envelope expansion activities are 
expected to minimize most airspeed and operational 
limitations so that the FTF-II will be cleared for flight test 
within the full F-15B envelope. 

Phase-1 Results 

Six F-15B/FTF-II flights were accomplished with test 
points at altitudes of 20,000 and 30,000 ft and airspeeds 
between 0.6 < M <, 1.3. One pilot was chosen to conduct 
the qualitative evaluations on lateral-directional stability. 
The pilot reported positive stability with a "deadbeat” 
(pilot’s words) response to the rudder doublets, indicating 
a positively damped stable system up to M = 1.2. At M = 
1.3 and 30,000 ft, the pilot reported the aircraft’s response 
had become what he called "loose,” but stability remained 
positive. These qualitative flight test results agree with the 
large decrease in directional stability flight data shown in 
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Figure 13. F-15/FTF-II flight test flow visualization results, left side view with tufts, a = 2°, P = 0°, M = 0.80. 


figure 12 for the F-15B with and without the centerline 
fuel tank for Af > 1.2. 

Video and still photographs of the tufts installed on the 
left side of the fixture, at M - 0.8 and 30,000 ft (fig. 13), 
showed smooth streamwise flow over most of the fixture 
with some minor downwash starting near the leading edge 
of the centerline pylon. The flow near the top of the fixture 
transitions to a slight upwash near midchord. Surface flow 
over the test article region with the splitter plate installed 
is predominantly streamwise and steady. The splitter plate 
provided a slight reduction in the downwash from the 
aircraft and centerline pylon as predicted from the 
water-tunnel results. In general, the subsonic flight results 
show good correlation with water-tunnel predictions with 
(fig. 6) and without the splitter plate installed on top of the 
nose section. At supersonic conditions, similar streamwise 
flow was observed with slightly more downwash and 
upwash over the upper regions of the fixture. Flow over 
the test article region remained predominandy streamwise 
during supersonic conditions. 



Figure 14. FTF-II nose section with liquid crystals, right 
side, M = 0.90. 


Liquid crystals sensitive to shear forces 18 were applied 
before several flights on a portion of the nose section to 
determine the regions of laminar and turbulent boundry- 
layer flow on the nose section. In-flight video and still 
photographs from another aircraft were used to document 
the flow conditions. Results from application of the liquid 
crystals are shown in figure 14 at M = 0.9 and 30,000 ft. 
As shown, most of the turbulent flow present on the nose 
section resulted from forced transition using a grit strip 
and a piece of tape. Forced transition was used to verify 
that the liquid crystals properly identified regions of 


turbulent flow. A small turbulent wedge near the bottom of 
the nose section was the result of flow transition caused by 
a pressure orifice at this location. At subsonic flight condi- 
tions, the most aft location of transition ranged from xlc = 
0.10 to 0.12. Transition as far aft as xlc = 0.16 (nose sec- 
tion joint is at xlc = 0,175) was observed at M = 1.1. 

Concluding Remarks 

Flight testing of a second-generation flight test fixture 
(FTF-II) has successfully demonstrated stable flight to 
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Mach 1.3 at 30,000 ft. Surface flow was documented as 
predominantly streamwise at subsonic speeds with down- 
wash increasing in some areas at supersonic speeds. The 
presence of the splitter plate extending to x/c = 0.175 
slightly reduced some of the local down wash. Qualita- 
tively, flow characteristics appear acceptable for a wide 
variety of aerodynamic and fluid mechanics research 
experiments, but more quantitative measurements will be 
required. Additional flight testing of the fixture with 
instrumentation is expected to expand the F-15B/FTF-II 
flight envelope to Mach 2.0. 

The fixture development effort demonstrates that simple 
design and analysis techniques can be used to minimize 
the time and cost associated with the development of a 
flight test structure. Conservative design assumptions and 
analysis techniques, combined with ground simulation 
facilities, were used throughout. A prudent flight test 
approach was planned to complement these analyses by 
quickly validating ground predictions while safely 
expanding the flight envelope. This multidisciplinary 
approach was balanced so that all design goals were 
accomplished in a safe and timely manner. 
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